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Abstract. In this study, 2 reverse transcriptase-polymerase chain reaction (RT-PCR) assays were developed and compared for simultaneous detection of bovine and ovine respiratory syncytial viruses (RSVs). One assay was based on a set of primers, which amplified a 426-bp fragment of either bovine or ovine RSV F gene (RT-PCR F). The F products could be distinguished by EcoRI or BstYI restriction endonuclease cleavage. In the other assay, a set of primers amplified a 542-bp fragment of either ovine or bovine RSV G gene (RT-PCR G). EcoO1091 and RsaI restriction enzymes were used to differentiate between the ovine and bovine PCR-G products. Sequencing of the PCR products confirmed the fidelity of both assays. The 2 assays were evaluated using 18 bovine RSV isolates, 1 ovine RSV, 1 bighorn sheep RSV isolate, 1 caprine RSV isolate, 2 human RSV isolates, and several other viruses associated with bovine respiratory tract disease. RT-PCR G may be more sensitive in detecting viral RNA. Because the target sequence of the F gene is more conserved than that of the G gene, RT-PCR F followed by the appropriate restriction enzyme cleavage may be superior to RT-PCR G to discriminate between the 2 ruminant RSV subgroups. This assay should prove useful for determining the relative contribution of ovine and bovine RSV to the pathogenesis of bovine respiratory tract disease.
Bovine respiratory syncytial virus (RSV) is a major cause of severe respiratory tract disease in calves and adult cattle. 4, 15 Ovine RSV was isolated from a 1-year-old ewe with rhinitis. 7 Respiratory syncytial virus was isolated from Bighorn sheep with respiratory symptoms. 17 Caprine RSV was isolated from pygmy goats with respiratory disease. 16 spiratory syncytial viruses are classified in the genus Pneumovirus, which is included in the family Paramyxoviridae. The G (attachment protein) and F (fusion protein) are the 2 major surface glycoproteins encoded by RSVs. The ovine RSV F gene and its encoded protein have 85% nucleotide identity and 94% amino acid identity with that of bovine RSV. 5 Conversely, the ovine RSV G gene and its encoded protein share 70% and 62% nucleotide and amino acid identity to the equivalent gene and its encoded protein, respectively, of bovine RSV. 2 It has been proposed that ungulate RSVs in the United States be divided into 2 subgroups, one representing bovine RSV and the other representing ovine RSV. 1, 2, 11, 14 Experimental infection with ovine RSV in calves resulted in mild to moderate clinical respiratory disease. 3 Also, experimental infection of lambs with bovine RSV produced mild clinical signs and some pulmonary lesions. 10 Antibodies specific for either ovine or bovine subgroup strains of RSV were detected in cattle by using a subgroup-specific, G-peptide enzyme-linked immunosorbent assay, suggesting that ovine RSV also infects cattle. 8 Polymerase chain reaction (PCR) assays have been recommended to detect bovine RSV infection in cattle. 9, 12, 18, 19 Determining the contribution of bovine and ovine RSVs in respiratory tract disease in cattle and sheep is relevant to the complete understanding of RSV epidemiology and vaccine development in cattle and sheep. In a previous study, reverse transcriptase-PCR (RT-PCR) assay targeting F gene (RT-PCR F) 5 could detect and differentiate bovine and ovine RSVs. In the current study, a new assay targeting the G gene of both bovine and ovine RSV has been developed (RT-PCR G). The purpose of the study was to compare the efficiency of the 2 assays (RT-PCR F and RT-PCR G) to detect and differentiate different isolates of bovine and ovine RSVs.
Ovine RSV isolate WSU 83-1578 a and bovine RSV isolate 391-2 b were propagated in Madin Darby Bovine Kidney cells grown with Dulbeco modified Eagle medium c supplemented with 2% fetal bovine serum. Ovine and bovine RSV were grown until a 50-70% cytopathic effect developed. RNA was extracted with Trizol reagent d according to the protocol of the manufacturer. The RNA pellet then was air dried and dissolved in Rnase-free water. The RNA concentration was quantified in a spectrophotometer at A260 wavelength.
In RT-PCR G, a set of primers, derived from the published sequence of ovine RSV G gene (Gene Bank accession # L08470), 2 was synthesized d and used for amplification of a 542-bp G gene fragment of ovine and bovine RSV. One primer [G164 (5Ј AGCCCTAGCAATGATAAC 3Ј)] representing bases 147-164 of ovine RSV G gene was used for complementary (cDNA) synthesis. The second primer used (G672 [5Ј GACTGGTTCTGTGGTGG 3Ј]) represents the complementary sequence of bases 688-672 of the ovine RSV G gene. Synthesis of cDNA was done in 20 l reaction volumes by using superscript II Rnase H-reverse transcriptase d according to the manufacturer's protocol. In brief, 2 pmol of the G164 primer, 4-5 g of total RNA, and up to 12 l of water were heated to 70 C for 10 minutes and chilled quickly on ice. Then, 4 l of 5ϫ first strand buffer, d 2 l of 0.1 M dithiothreitol (DTT), d and 1 l of 10 mM deoxynucleotide (dNTP) mix d were added and incubated at 42 C for 2 minutes. One microliter (200 units) of superscript II was then added and incubated at 42 C for 50 minutes followed by heating at 70 C for 15 minutes to inactivate the reaction. For PCR, the following components were mixed for a final reaction volume of 100 l-10 l of 10ϫ PCR buffer, d 3 l of 50 mM MgCl 2 , d 2 l of 10 mM dNTP mix, d 1 l of 10 M of each primer, 1 l Taq DNA polymerase, d 2 l of cDNA, and 80 l of water. Amplification e was done under the following conditions: denaturation at 95 C for 1.5 minutes, then a 3-step cycling program (repeated 30 times) consisting of annealing at 58 C for 30 seconds, extension at 72 C for 1 minute, and denaturation at 95 C for 1 minute followed by holding the temperature at 50 C for 2 minutes and then 72 C for 10 minutes.
RT-PCR F was done as described previously. 5 In the current study, the only modification was the use of BstYI restriction enzyme instead of MspI used in the previous study to cleave bovine RSV PCR products. Sequencing of the PCR products was done at the University of Tennessee Molecular Biology Research Facility. f EcoRI d and BstYI g restriction enzymes were used separately to cleave each of the 426-bp amplified products (PCR F) of ovine and bovine RSV F genes. EcoO109I and RsaI restriction enzymes d were used separately to cleave each of the 542-bp PCR products (PCR G) of bovine and ovine RSV G genes. Four microliters of unpurified PCR product, 4 l of water, 1 l of the restriction enzyme, and 1 l of the buffer supplied with the enzyme were mixed together and incubated for 1 hour at 37 C except with BstYI (60 C). After incubation, electrophoresis was done in 3% high-resolution agarose. h In addition to bovine RSV 391-2 and ovine RSV WSU 83-1578 isolates, the 2 assays were evaluated with the following RSV isolates: bovine RSV isolates 375, a FS1-1, a NMK7, a MN, i CA, i NY191285, i NY55798, i NY586127, i NY237424, i NY414458, i NY561388, i 1143, j 1144, j 1156R, i MD5190, i CO16186 j and TN, k caprine RSV isolate, a Bighorn sheep RSV isolate (WSU 87-6750), l human RSV subgroup A (strain A2 b ), and human RSV subgroup B (strain B8/60 b ). Also, several other viruses associated with bovine respiratory tract disease (bovine herpesvirus 1, bovine parainfluenza 3, bovine virus diarrhea virus, bovine coronavirus, and bovine adenovirus 3 m ) were included in the study. Madin Darby Bovine Kidney line cells were used for growing the different isolates of bovine RSV, bighorn sheep RSV isolate, bovine herpesvirus 1, bovine parainfluenza 3, bovine virus diarrhea virus, and bovine adenovirus 3. Human rectal tumor (HRT) line cells were used for growing of bovine coronavirus. Secondary goat turbinate cells and VERO African green monkey line cells were used for growing of caprine RSV and human RSV, respectively. Also, the 2 RT-PCR assays were done using decreasing amounts of total RNA extracted from infected cells (4, 2, 1, 0.5, 0.25, 0.13, 0.06, and 0.03 g.
RT-PCR F assay resulted in amplification of a 426-bp (PCR F) product with ovine RSV strain WSU 83-1578 and bovine RSV strain 391-2 (Fig. 1, lanes B and C) . Nucleotide sequencing of both products confirmed the fidelity of this assay. Digestion of both products by EcoRI restriction endonuclease cleaved the ovine PCR product into 2 bands, 285 and 141 bp (Fig. 1, lane D) but did not affect the bovine product (Fig. 1, lane E) . In contrast, BstYI restriction endonuclease cleaved the bovine PCR product into 2 bands, 361 and 65 bp (Fig. 1, lane F) , but had no effect on the ovine product (Fig. 1, lane G) .
RT-PCR G assay resulted in production of a 542-bp (PCR G) product with ovine RSV strain WSU 83-1578 and bovine RSV isolate 391-2 (Fig. 2, lanes B and C) . Sequencing of the PCR products confirmed the fidelity of this assay. Eco0109I treatment resulted in production of 2 bands, approximately the same size (275 and 267 bp) with the ovine RSV product only (Fig. 2, lane D) and did not affect the bovine RSV product (Fig. 2, lane E) . RsaI treatment produced 2 bands (391 and 151 bp) with the bovine RSV product only (Fig. 2, lane G) and had no effect on ovine RSV (Fig. 2, lane F) .
All the bovine RSV isolates tested (375, FS1-1, NMK7, MN, CA, NY191285, NY55798, NY586127, NY237424, NY414458, NY561388, 1143, 1144, 1156R 5190MD, CO16186, and TN) were successfully amplified by the 2 assays and gave the same cleavage pattern obtained with bovine RSV strain 391-2. All these bovine isolates could be differentiated from ovine RSV by RT-PCR F and RT-PCR G followed by the appropriate restriction enzyme treatment.
The caprine RSV gave the same pattern obtained with the bovine RSV isolates with both PCR assays and was differentiated from the ovine RSV. Amplification products resulted with the bighorn sheep RSV isolate WSU 87-6750 in the 2 assays. However, the RT-PCR F product yielded the same cleavage pattern as did the ovine RSV isolate WSU 83-1578 with EcoRI, but the RT-PCR G product was not cleaved with either EcoO109I or RsaI.
No PCR products resulted in either assay with human RSV subgroup A (strain A2), human RSV subgroup B (strain B8/60), bovine herpesvirus 1, bovine parainfluenza virus 3, bovine virus diarrhea virus, bovine coronavirus, or bovine adenovirus 3. PCR F and PCR G products with ovine and bovine RSV isolates were detected by using as little as 0.06 and 0.03 g, respectively, of total RNA indicating that RT-PCR G may be more sensitive than RT-PCR F in detecting viral RNA.
Polymerase chain reaction assays have been used in several studies for detection of bovine RSV. 9, 12, 18, 19 In the present study, the bovine RSVs tested (18 isolates from different sources) reacted identically and could be differentiated from ovine RSV in both PCR assays described in this study. Moreover, no PCR products were detected with human RSV, bovine parainfluenza virus 3, bovine herpesvirus 1, bovine virus diarrhea virus, bovine coronavirus, and bovine ade-novirus in these 2 assays. Because of limited availability of RSV isolates of ovine and caprine origin, 1 isolate of ovine RSV, 1 isolate of bighorn RSV, and 1 isolate of caprine RSV were used in this study.
BstYI used in cleavage of bovine RSV F products in this study may be superior to MspI used in a previous study. 5 BstYI cleaved all the PCR F products obtained from the 18 bovine RSV isolates, indicating that its target sequence is conserved. The MspI target sequence does not appear to be as well conserved among different bovine RSV isolates (data not shown).
Caprine RSV gave the same pattern as bovine RSV did in both assays and could be differentiated from ovine RSV. This confirms previous studies suggesting that caprine RSV is closely related to bovine RSV isolates. 1 Nucleotide sequencing of amplified fragments of F and G genes of Bighorn sheep isolate WSU 87-6750 (data not shown) indicated very high level of identity with ovine RSV isolate WSU 83-1578, suggesting that the Bighorn RSV may be considered a member of the ovine RSV subgroup. However, unlike ovine RSV isolate WSU 83-1578, the bighorn sheep RSV strain WSU 87-6750 resisted cleavage using EcoO109I after RT-PCR G because of a point mutation in the cleavage site (data not shown), but they had the same cleavage pattern with EcoRI of their respective F gene amplified products. It has been proposed that at least 2 ruminant subgroups exist: one represented by RSV isolated from cattle and goat and the other represented by ovine RSV. 1, 2, 11, 14 The 2 PCR assays described in this study constitute potential sensitive and specific means for simultaneous detection of both bovine and ovine RSV and differentiation between them.
Although the difference in RNA detection (0.06 and 0.03 g) is not statistically significant, RT-PCR G may be more sensitive than RT-PCR F for detecting viral RNA. However, RT-PCR F followed by the appropriate restriction enzyme cleavage may be superior to RT-PCR G to classify ruminant RSV into 2 subgroups because it resulted in the expected pattern for all the viruses tested. Also, as indicated earlier, RT-PCR G followed by EcoO109I treatment did not give the expected cleavage pattern with Bighorn RSV strain WSU 87-6750. Moreover, F gene is highly conserved (Ͼ95%) among different bovine RSV strains, 13 whereas the G gene is less conserved. According to one study, the nucleotide sequence identity among G gene of different bovine RSV strains was 88-100%. 6 RT-PCR F has the potential to determine the relative contribution of ovine RSV and bovine RSV to the pathogenesis of bovine respiratory tract disease. This information would be relevant to the complete understanding of RSV epidemiology and immunoprophylaxis. Further studies are required to determine the sensitivity and specificity of the 2 assays to detect bovine and ovine RSVs in clinical samples from infected animals. 
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